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ABSTRACT

It has been observed that after recovery from Leishmania mexicana
infection Rhesus monkeys are resistant to challenge by Leishmania b. braziliensis
but not Leishmania b. panamensis (Lainson and Bray 1966). Since this report a
successful human Teishmanial vaccine for L. tropica has been developed (Naggan,
et al, 1970/1972) and an animal model has been described for cutaneous leish-
maniasis (1977 American Society of Parasitology Meetings -- Dr. Larry Hendricks).
We are investigating whether the immunization of Mystromys albacaudatus by
L. tropica (Jericho strain) adequately protects these animals against L. b. brazil-
jensis.

Methods have been outlined for storage and reconstitution of the various
leishmania strains which will be used as a vaccine. The strains include
L. tropica (Jericho), L. braziliensis and L. panamensis, all of which have been
isolated from human cases and cryogenically stored.

Initially we investigated cross immunity utilizing three central experiments:
(1) To establish the infective dose of L. tropica (Jericho) promastigotes and
L. b. braziliensis promasticotes needed to infect 50 percent of Mystromys albacau-
datus; (2) To establish the approximate length of time needed for immunity to
develop after initial immunization with L. tropica (Jericho) (animals were re-
challenged with an homologous strain of L. tropica (Jericho) at monthly intervals
after self-healing of the initial ulcer); (3) To test the immunogenicity of a
variety of dosages of L. tropica (Jericho) promastigotes when challenged with
L. b. panamensis and L. b. braziliensis promastigotes.

Thus far, we have established an optimal ulcerogenic dose of L. tropica
(Jericho) newly isolated strain and L. b. braziliensis (panamensis) to be 2 x 106
promastigotes. The incubation period depends upon varied dosages from an average
of 14 days in the case of the highest dose of L. tropica (Jericho old strain) to
an average of 30 days with .2cc L. tropica (Jericho new strain) with lesions
ranging from 5mm to 1.5cm, respectively. Preliminary results indicated that
L. tropica (Jericho new strain) infected Mystromys albacaudatus may impart im-
munity against infection with not only the homologous strain but also against

L. b. panamensis.
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FCREWORD

The purpose of this report is to bring to attention the results
of investigations dealing with possible cross immunity between L. tropica
and L. braziliensis panamensis in an animal model. At this point in time,
it would appear that there is some preliminary evidence that cross immunity
does exist utilizing M. albacaudatus as an animal model. The preliminary
nature of the following report must be underscored because animals which
have been challenged must be observed clinically for adequate periods and
biopsies and cultures must be obtained before refractoriness to challenge
can be claimed.

Although the search for a vaccine has been unsuccessful to date,
it is hoped that future results from this study may further contribute
understanding to the developrent of such immunotherapy.

In conducting the research described in this report, the investi-
gators adhered to the "Guide for lLaboratory Animal Facilities and Care,"
as promulgated by the Committee on the Guide for laboratory Animal, Resources.
National Academy of Sciences-National Research Council (DHEW Publication
No. 78-23, Revised 1978).
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I. STATEMENT OF THE PROBLITI

If sultable experimental animals are successfully vaccinated with
promastigotes of L. tropica (Jericho) solid immunity will develop to challenwe
I.. b. braziliensis or L. D. panarensis promastigotes. Part of this hypothesis is
supported by the work of Tainson and Bray (196G) as mentioned above and part
by the rich history of the use of related species of parasites or cpecies with
reduced virulence to prevent disease.

IT. BACKGROUND

The use of related specles of parasites or species with reduced
virulence is a well established form of prevention of disease in man. This
method of immunization in parasitic disease to date has been limited to scattered
reports of success of zooprophylaxis occurring with rmalaria, BRabesciosis and
Trypanosomiasis (lelson, 1974). These reports demonstrate amelioration or
prevention of disease by exposure to heterolorous infections of animal origin.

Leishmania Investigators, “or o considerable lenerth of time, have
addressed the antimenic relationships of differenct species and strains of
leishmania -- in particular, relationships existing between new- and old-world
disease forms (Adler, 1064). Adler and Gunders (1964) demonstrated that patients
recovered from typical oriental sores were Imnune to subsequent challenge with
[elshmania mexlicana.  Thus, prior infection with recovery from a nonmetastasizine
cutaneous leishmanlacis might provide immunity to other forms of new-world
leishmaniasis in man. This hypothesis was confirmed in animals in 1966 by
[alnson and Bray who demonstrated that Thesus monkeys recovered from L. mexicana
Infection were refractory to challenge with L. b. braziliensis but were easily
infected by L. b. panamensis. In 166 Iainson and Shaw reported a human volunteer
Immune to L. mexlcana infection but completely susceptible to Panamanian

cutaneous leishmaniacis. They concluded that L. mexicana and the causative
asent of Panamanian cutaneous leishmaniacis were antigenically distinet, thus
ruling out the use of L. mexleana ns 2 vacelnation source for Panamanian
cutaneous leishrinlal Jilsence.

The above work was reported over ten years apo, but unfortunately
no f'urther prosress has been rade in the development of an effective human
vaceine arainst new-world lelshmanial disense.  Tis hiatus can perhaps be
explained by: (1) e iifTiculty encountered in evaluating immunity in humans,
anc (2) the lick of a4 sultable animal model which could be adequately immunized
without sirmi“icant retactatice leishmnial dicease.

Recent, develoyment.s susyest that the above two obstacles may be
overconme.  Firot, MNaswman, et al (197\), reported on the successful vaceination
o a cmall croup of youns adults in Tsrael with a new strain of leishmania
igolated from humans residine in the Jericho resion of Isrnel. EHEffectlve
irrunits could be produced in approximately four to six weeks after healing




of the initial cutaneous ulcer with sipnificant reduction in the attach rate i
of cutaneous old-world leishmaniasis in military personnel stationed in an
endemic area (Maggman, et al, 1972). lore recently, Koufman, et al (1978), ,
reported a gradual decline in the rates of takes of inoculations utilizing

the same strain of L. tropica as used by Nagman in 1968, In 1968, Nagran

reported an 39.7 percent take. In 1979, thic rate was reduced to 21.32 percent

take. The authors felt that L. tropica tends to lose its virulence after pro- ,
longed storage and multiple passages.  They demonstrated that usines a new !
strain, isolated just a few months before the vaccination trial was performed,
resulted in a creater than 60 percent positive take rate. This loss of virulence
secondary to long storage and in multiple passares has been reported in numerouc
other parasitic strains (Gunders, et al, 1372; Manson-Bahr, 19C4; Heyneman, 1971). ]
Adler and Zuckerman (1948) were able to infect volunteers with an L. tropica ;
strain maintained for 22 years althourh the incubation period of eirht months ‘
was unusually long. It 1s also not known whether thic phenomenon iz very
critical in cryocenically stored leishmania strains.

In addition to the above statements, it should also be noted that
no sipnificant complications were reported in the vaccinations of approximately
1,200 soldiers with L. tropica (Jericho). It also should be noted that Marran's
results indicate that immunity which was thourht to only be acauired a®ter the
healine procesc has comenced may be at lenst partially acquired as carly ac
three to cix weeks after inoculation.

Seconl, an ideal animal model for the ctudy of cutaneous leishmaniasis
has been found (Hendricks, 1977). Mystromys albacaudatus is easily infected
with conventlonal ulcer-producing doses of fwo million promastigotes of L. tropica.
These ulecers self-curce in approximately three monthes and there has been no evi-
Jdence of metastatic spread of the leichmaninl disease. Murthermore, this animal
has an averase 1ifc span of four to Tive years making it 1deal for relatively
lone=term evaluation of the imunoloriz status of the immnized and nonimmunized
animls.

Because of these two relatively recent developments 1t would appear
that ideal conditions exist to obtain more specific information concerning the
cross irmunity between old- and new-world leishmaniasis.

The aprroaches to immunolorical prophylaxis in protozoal infections
can be divided into passive and active immunization:

Passive immunization in protozoal disease has centered around experi-
ence with Plasmodium falclparum malaria in man (Cohen and Sadun, 1976); McGregor
and Carrington, 1961). The antibody is directed against the merozoites and
vrevents the reinvasion of the red blood cell by blocking the attachment of
the parasite to the erythrocyte membrane. lowever these antibodies are
variant-specific and substantlial problems were encountered in the development
of a vaccination program arainst malaria (Prown, 1970).

Active Irmunization has been investippted in protozoal diseases
by four methods. (1) The first method, perhaps least acceptable in humans, is
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the use of standardized doses of normal infective stares with the development
of disease which is terminated by an appropriate antiparasitic drupg. (2) The
second method, most practical at present, is the use of related specles with
reduced virulence. (3) The third method is the use of artifically attenuated
infective stages. (%) The fourth method is the use of in vitro orfanisms from
which specific antirens may be isolated and used to immunize,

The most desireable approach to the development of a vaccline “or
hunmans would be the use of attenuated human strainc of leishrania which are
antivenically related to L. braziliensis and have reduced virulence. In the
event that a solid cross immunity between L. braziliensls and leishmania strains
with reduced virulence can be developed utilizing a rodent model, further work
utilicing primates and eventually humans could proceed. Tt would also be
apnronriate to investicmate the immunoloric status of one animal model in a
more extensive manner utilizing in vitro and in vivo measwres of both humoral
and cell-mediated inmunity. T o

Cell-mediated irmunity and macrophage function sipnificantly influ-
ence the Jderree, course and final outcome of leishmanial infection. Partici-
nation of cell-mediated immunity is well documented in various leishmanial
animl models, includine the cuinea pie and mouse (Blewett, et al, 1971; Turk
and Brreeson, 1071; Lermma and Yau, 1973; Presion, et al, 1971/1972; Skov and
Twotiy, 1LITH). The derree of elffectiveness of cell-mediated immunity may deter—
aine the elinieal monifestations of the leishmanial disease (Turk and Bryceson,
1371, Dlsseminated cutaneous leishmaniasis most c¢locely correlates with the

lack o effective cell-mediated Immunity and the recidivens type of leishmaniasis

lo eharacterized by healed disease with only a very few parasitized histiocytes.
"he role of the macrophace in acquired immunity in leishmanial infection has
not been clearly defined. There is also rood evidence that the macrophare is
nov the cole controller of parasite burden in chronically infected animals and
moct Likely acts in confunction with antibody response to the organism (Herman
wnd nrrell) 1977).

e development of a positive delayed skin test can be correlated
with the In vitro production of lymphokines and monckines in the development of
blast transrmation (Blewett, et al, 1971). It would be useful to establish
1 correlation between time of vaccination and time of adequate immunity as
letected by in vitro cell-medlated measurements such as described above. It
was previousTy thousht that immunity would not develop until several weeks or
months a™ter the initial ulcer of cutaneous leishmaniasis had healed (Senekji
and Beattle, 1041; “erberian, 1944), However, observations made in Naggan's
study (1270) and amin in follow-up studies reported by Koufman in 1978
revealed the development of at least partial immunity in soldiers before the
besinnins of the healing phase of the ulcer. If there is a correlation between
the measurement. of cell-mediated immunity and refractiveness to infection with
cutanecus leichmniacis, a loneer than necessary waiting period prior to enter-
inm an endemie area woulsd be obvinted.

fditionally, by recordine and correlating cell-mediated immune
responses in vacelnated diseased animals exposed to various cutaneous lelsh-
manial srecies, 2 seale misht be constructed which might serve as a puideline

PPN SV

2 drd . et n

i o

dad

A




to the prognosis of existing disease or detection of factors associated with

the breakdown in immunity. Since adequate irmunization is essential to the
development of' a successful vaccine, several other avenues of immunization

might be mentioned. It has been sugpested that the use of amastirotes, the
disease producing entity in humans, might be more antirenic than the usual
vromastiyote form (personal communication). The last avenue open at this time
would be the utilization of irradiated killed promastigotes of L. braziliensis.
Precedence of this exists in malaria with the radiation of attenuated sporozoites
(Musenzwelz, Vanderbercand and lMost, 1969) as well as parasitized erythrocytes
(Wellde and 3adun, 1967) in an attempt to develop vaccines and has met with
little success because of resistance secondary to strain variation (Brown, 1976).
Other discouraging results using this approach were reported by Lemma and Cole
(1974) who were unable to induce immunity apainst L. enriettei in guinea pigs
utilizing Irradiated promastigotes of an homologous strain.

Finally, since most of this hypothesis relies on the use of closely
antigenically related species, how does one determine what parasite is causing
disease when challenge may produce a lesion? In the event this problem arises,
there now exists a reliable sensitive rapid means of identification of various
strains of leishmania by radiorespirometry reported by Decker, et al (1977).

In thelr preliminary study they were able to consistently differentiate between
Leishmania donovani, Leishmania tropica and Leishmania braziliensis.

III. APFROACH TO THE PROBLEMN

Ye have already determined that 2x100 ovromastigotes of L. tropica
(Jericho strain) injected intradermally, or even subcutaneously, in a properly
shaved region over the back of Mystromys albacaudatus will produce an ulcer in
approximately 30 days. This ulcer has been observed to self-heal in approxi-
mately two to three months, at which time the animals are reported to be
refractory to challenge with homologous strains of L. tropica (Jericho)
(personal experience and personal communication). However, as mentioned in
the backrround section, we have observed that as many as 25 percent of the
initially inoculated animals developed ulcers when challenged with homologous
strains. It should also be noted that these 25 percent developed the smallest
primary lesions after the first inoculation.

In order to maintain the ulcers produced during vaccination, the
area surround the ulcer must be depilated by shaving with a #40 shaving
head, followed by a 30-second massage using a cream depilatory at weekly
intervals.

In order to produce the vaccine which was utilized, it was necessary
to reconstitute cryogenically stored leishmania obtained from Dr. Larry Hendricks
of the Valter Reed Army Institute of Research. The promastigotes were re-
constituted as per the method of Hendricks, et al (1973), and various con-
centrations established after five to six days of growth in 30 percent fetal
calf serum in Schneider's insect media revised.
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Our hypothesis was tested in vivo since this is the most direct and
practical method. We also utillized various sized groups of animals to (1)
establish the infective dose (%0) for the L. tropica (Jericho) vaccine and L. bri-
ziliensis panamensis inoculant, (2) determine the approximate length of time needed
for homolopgous Lmmunity to develop after initial immunization with L. tropica
(Jericho), and (3) define the immunopenicity of a variety of dosames and
schedules of vaccinations of L. tropica (Jericho) promasti;otes when challenred

with L. b. panamensis and L. b. braziliensis.

The precise experiments were:

1. 10 =nimals innoculated with 0.5x106 L. tropica (Jericho)
10 animals immoculated with 1x100 L. tropica (Jericho)

10 animls innoculated with 2x100 L. tropica (Jericho)

10 animals innoculated with 1x10C L. braziliensis panamensis

10 animals innoculatel with 2x106 L. braziliensis panamensis

4

2. Tham controls innoculated with vehicle and challenged with
L. braziliensis (10 animals).

Torty animals innoculated with 2x106.2. tropica (Jericho):

healed challenge
lesions with 2x106
L. braciliensis panamensis
? months B
without challenre
lesions with 2x100
L. braziliensis panamensis
Forty animals Innoculated with 2x10Y L. tropica (Jericho):
ond innoculation
2x100 L. tropica challenge
- with 2x106
3 months healed lesions L. braziliensis panamensis

or none at all

Additional studies which would be of great interest would be to
compare the irmunocenicity of newly isolated I.. tropica (Jericho) to our older,
cryorenically stored material. The newly isolated promastirotes could be ob-
talned from Israel from Dr. Greenblatt of the University of Hadassah.

1V, RESULTS WITH DISCUSSION OF RESULTS

Jecondary to various delays in the onset of thic project, such as
late delivery dates of equipment secondary to ¢ac shortagcer and the unexpected
lon~ healing period of many of the ulcers, only preliminai - results are avai.-
able at this time. Thus far, as depicted in Table I, we have established an

11.
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nown to be endemic for cutaneous and visceral leishmaniasis. This setting,
of course, will provide a source of patients who will provide opportunities
for further in vitro and in vivo studies.

Te encouraging in vivo results thus far, as well as the possi-

bility for field work in the endemic areas of leishmaniasis, should underscore
the importance of the continued support of this work.
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